for conifer forests, mixed deciduous and conifer forests, deciduous forests, shrublands, and steppe vegetation, respectively (Van Der Maarel, 2005) . Phytosociological records were made by using the Braun-Blanquet (1964) cover/abundance scale for all vascular plants in each plot. In total, 120 plots were recorded during the spring and summer months of 2014, 2015, and 2016 . In each plot, the slope (%), elevation (m), and aspect were measured. Aspects in degrees were converted as numerical values according to Akman et al. (2011) . Aspect was transformed to degrees using the formula of Beers et al. (1966) .
Soil sampling and analysis
From each plot, soil samples were taken at a depth of 30 cm from the topsoil. Soil samples were air dried and sieved through a 2-mm mesh prior to analysis. Soil organic matter (%) was determined using the Walkley and Black method. Soil texture was determined using the Bouyoucus hydrometer method, and the content was expressed in percentage. The electrical conductivity (dS m -1 ) was determined in soil-water extracts at 1:1 (w:v) using a Jenway analyzer. The pH values were measured in deionized water (1:1) and the soil nitrogen (%) was determined by the micro-Kjeldahl method. The soil phosphorus (ppm) was determined spectrophotometrically following the extraction by ammonium acetate. Soil potassium (cmol(+)/kg) was determined using a Petracourt PFP-7 flame photometer after nitric acid wet digestion. For the determination of soil moisture, fresh soil samples were air dried for 48 h to calculate wet to dry mass ratios. These values were used to calculate soil moisture (gravimetric method) (Kacar, 2009 ).
Data analysis
The data matrix consisted of 120 plots × 315 taxa. Abundance values of taxa following the Braun-Blanquet scale were converted to the ordinal transform values (OTV) proposed by van der Maarel (2005) . The ordinal transformed values (OTV) corresponding to the BraunBlanquet scale were r = 1, + = 2, 1 = 3, 2m = 4, 2a = 5, 2b = 6, 3 = 7, 4 = 8, 5 = 9. The dataset was classified using Community Analysis Package software, v. 4.1.3 (Seaby and Henderson, 2007) using the average linkage method and the Euclidian distance as a resemblance measure. To detect gradients in species composition and environment relations, detrended correspondence analysis (DCA) was also performed.
Life form spectra (%), Shannon diversity index, and species richness were calculated by taxa number and ordinal transform values (OTV) of the Braun-Blanquet cover-abundance scale in each plot. Species diversity was calculated as the Shannon-Wiener index at log base 10 using Biodiversity software, v. 2.0 (McAleece et al., 1997) software. Moreover, the comparison of species diversity parameters for the described communities was visualized using a Box-Wishker diagram prepared in SPSS v. 21.0 (IBM Corp., 2012) . The plant associations representing vegetation in the study area are submitted as a synoptical table in Appendix.
The data of the Merzifon State Meteorological Station were used to explain the climatic properties, since it was the nearest official meteorological institution to the study area. Interpolation was made using the average precipitations and temperature data at 1500 m a.s.l. in the study area (Erinç, 1984) .
Results
The forest, shrub, and steppe communities were identified using multivariate and traditional methods in this study. Cluster analyses showed that the vegetation of Tavşan Mountain was shown by four clusters of eight ( Figure  1 ). These clusters corresponded to eight different plant associations distributed in the study area (Table A1) . They represented one steppe, three shrub, and four forest associations.
Cluster A:
Sileno paphlagonici-Abietum equi-trojani ass. nova hoc loco (holotypus: plot 13 in Table A1 ) This association is a mixed conifer forest that occurred near the village Ortabük at approximately 1550 m a.s.l. The average aspect degree of association is 13°59′ which is located on the northwest and southeast slopes of the study area. It has 48 vascular taxa in its floristic composition. The dominant life forms are hemicryptophytes and chamaephytes. The soil is slightly acidic with a pH between 6.17 and 6.22. Soil organic matter ranged from 2.20% to 2.42% and its structure is sandy-loam (Table A2) .
This association exhibited three vegetation layers: tree, shrub, and herb. Total coverage of the tree layer ranged from 80% to 85%. Mean height of the tree layer is 20-25 m. This association is characterized by the presence of Abies nordmanniana subsp. equi-trojani, Pinus sylvestris, Juniperus communis var. saxatilis, and Silene paphlagonica. Abies nordmanniana subsp. equi-trojani and Silene paphlagonica are the diagnostic and endemic taxa. Total coverage and height of the shrub layer is 70% and 2 m, respectively. Total coverage and height of the herb layer is 85% and 50 cm, respectively. Abies nordmanniana subsp. equi-trojani forests could be included in woodland dominated by Abies or Picea as EUNIS habitat code G3.1.
Cluster B:
Bupleuro gerardii-Astragaletum angustifolii ass. nova hoc loco (holotypus: plot 29 in Table A1 ) This association is a mountainous steppic association distributed between 1400-1500 m a.s.l. in the study area. Astragalus angustifolius subsp. angustifolius with hedgehog physiognomy is the dominant taxon in the association. It has a two-layer structure as shrub and herb. The average slope degree of association is in the range of 13°59′-26°06′. The average cover percentage is 90%, and the height is approximately in the range of 0.20-0.30 m. It generally developed on the southwestern slopes. Seventy-four vascular taxa were recorded in the floristic composition and the dominant life forms are geophytes, hemicryptophytes, and chamaephytes. Floristic composition is mainly xerophytic Irano-Turanian taxa. The soil texture is sandy loam and the soil reaction is almost neutral (6.93-7.01). Astragalus angustifolius subsp. angustifolius steppes could be included in western central Eurasian hedgehog-heaths as EUNIS habitat code F7.4I. 3.3. Cluster C: Symphyto bornmuelleri-Coryletum avellanae ass. nova hoc loco (holotypus: plot 39 in Table A1 ) This association was mixed deciduous shrubs which generally preferred the stream banks on northwestern slopes at nearly 1450 m a.s.l. The slope degree of association is in the range of 13°59′-19°48′ in the study area. Coryllus avellana var. avellana is the dominant form of shrub layer which determined the physiognomy of the association. Acer campestre subsp. leiocarpum participated in the shrub layer. The cover percentage of the association is approximately in the range of 90%-95%. The mean height is 5 m. It is generally formed by homogen stands with shrub and herb layers. The soil texture is sandy loam and the soil reaction is slightly alkaline (7.16-7.24 ). Fifty-nine vascular taxa were recorded in the floristic composition and the dominant life forms are hemicryptophytes and chamaephytes. The shrub layer has a rich floristic composition and high coverage. There are a number of herbaceous taxa in the floristic composition, but their coverage is low. Symphytum bornmuelleri is the differential and endemic taxon. Symphyto bornmuelleri-Coryletum avellanae is widespread on several little streambanks in the study area, but many of them had dried during the summer. Coryllus avellana var. avellana shrublands could be included in Coryllus thickets as EUNIS habitat code F3.17.
Cluster D: Trifolio canescentis-Pinetum caramanicae Korkmaz et al. 2011
This association consisted of Pinus nigra subsp. caramanicae as a pure conifer forest stand. It is degraded, and occurred locally on northeastern steep slopes (26°06′-32°43′ on average) in small patches. The elevation of this association is lower than those of the previous conifer associations, and it is successful on the northern slope of the mountainous zone due to an euxinian precipitation regime. The Sørensen similarity coefficient of 31.25 found in the present study is consistent with the findings of Korkmaz et al. (2011) . Fifty-nine vascular taxa were recorded in the floristic composition; the dominant life forms are hemicryptophytes and chamaephytes. This association also has a three-layer structure (Table A1) . Total coverage of the tree layer ranges from 80% to 85% and the mean height is 10-15 m. Total coverage and height of shrub layer are 45%-50% and 1.5-2 m, respectively. Total coverage and height of herb layer are 80%-90% and 40 cm, respectively. Pinus nigra subsp. caramanicae forests could be included in Pinus nigra woodland as EUNIS habitat code G3.5.
Cluster E: Cardamino bulbiferae-Fagetum orientalis

Yıldırım and Kılınç 2011
This association is a deciduous forest which generally developed on the northern and northeastern slopes at 1500-1550 m a.s.l. in the study area. The average aspect degree of this association is 13°59′. The cover percentage of the association is in the range of 85%-95%. The mean height is 20 m. It was generally formed by homogen stands and has tree, shrub, and herb layers. Fifty-three vascular taxa were recorded in the floristic composition; the dominant life forms are hemicryptophytes and chamaephytes (Table A1 ). Phanerophytes are represented by Fagus orientalis, Carpinus betulus, and Acer campestre subsp. Leiocarpum, which determined the physiognomy of the association. The shrub level showed a moderate degree of coverage and a mixed floristic composition. This association has a sparse herb layer. We found that the Sørensen similarity coefficient was 33.33 between the present study and the study of Yıldırım and Kılınç (2011) Sileno paphlagonici-Abietum equi-trojani and Cardamino bulberiferae-Fagetum orientalis had the highest phanerophyte life form ratio, while Sideritido amasiacaQuercetum pubescentis was the lowest ratio among the Pinus sylvestris forest associations occurred at elevations of 1000-1650 m a.s.l., as reported in previous studies (Karaer et al., 1999; Korkmaz et al., 2011) . Pinus sylvestris forests were syntaxonomically named by Karaer et al. (1999) as Ranunculo buhsei-Pinetum sylvestris in their study carried out at the Kelkit Valley in Turkey. In this study, Pinus sylvestris forest association was identical to Ranunculo buhsei-Pinetum sylvestris in terms of floristic composition and ecological characteristics.
Pinus nigra subsp. caramanicae is widespread on various substrates in the Anatolian mountains (Ketenoğlu et al., 2010) . In the transition zone of the Black Sea region, Korkmaz et al. (2011) reported black pine associations as Trifolio canescentis-Pinetum caramanicae. Korkmaz et al. (2011) and the present study included similar characteristic taxa in the floristic composition of Pinus nigra forest associations. According to the priority rule in ICPN (Weber et al., 2000) , we named the Pinus nigra forest association Trifolio canescentis-Pinetum caramanicae in terms of floristic composition and ecological characteristics.
Quercus pubescens associations which were widespread in the transitional region between steppe and forest have been replaced by anthropogenic steppe vegetation (Ketenoğlu et al., 2010) . Quercus pubescens shrub vegetation was developed as Sideritido amasiacaQuercetum pubescenti ass. nova after the destruction of Pinus nigra forest vegetation in the study area. In this sense, Quercus pubescens forests require special relation and conservation. Such degraded forests may be exceptionally rich in species and are therefore valuable for biodiversity conservation (Frelich et al., 2018) .
Oriental beech (Fagus orientalis) is the most common deciduous tree in Turkey; its coverage is approximately 8.25% of all forested area (Kavgacı et al., 2012) . In the study area, Fagus orientalis forest associations are well developed at 1500 m a.s.l. on north-facing slopes. The present study results showed high similarity to the findings of the study of Yıldırım and Kılınç (2011) for Fagus orientalis association. Additionally, codominant trees such as Carpinus betulus and Acer campestre subsp. leiocarpum, and many characteristic species such as Cardamine bulbifera and Cephalanthera damasonium, were commonly present in floristic compositions. They were also distributed on similar bedrock (andesite) and soil type (brown forest soils). Therefore, the Fagus orientalis forest association is also named Cardamino bulberiferae-Fagetum orientalis by us. Fagus orientalis forest vegetation in the pre-Black Sea region (the transition zone from Irano-Turanian to Euro-Siberian) can be classified within the alliance Carpino betuliAcerion hyrcani of the order Querco cerridis-Carpinetalia orientalis (Kavgacı et al., 2012) .
Coryllus avellana constitutes deciduous forest with a dense tree layer in northwestern Europe (Aarrestad, 2000) . Coryllus avellana associations have not been reported in the Black Sea region for Turkey's vegetation. Some studies (Korkmaz et al., 2016) have reported that Coryllus avellana participates in the floristic composition of deciduous forests and shrubs. However, Coryllus avellana composed the pure shrub community as Symphyto bornmuelleri-Coryletum avellanae ass. nova in this study. Guitián (2010) and De Sillo et al. (2012) reported that hazel tree forests had similar ecological conditions and distribution in the northwestern Iberian Peninsula and in the Simbruini Mountains (central Apennines). They affiliated these communities with Quercetea pubescentis, Querco cerridis-Carpinetalia orientalis, and Carpino betuli-Acerion hyrcani. In this study, a similar syntaxonomical hierarchy was found in terms of characteristic species. Symphyto bornmuelleriCoryletum avellanae had similar mesophytic species in its floristic composition. Its distribution was also similar to that of the northwestern Iberian Peninsula and Simbruini Mountains (central Apennines) in terms of ecological conditions.
The class Astragalo microcephali-Brometea tomentelli included steppe vegetation that is mostly widespread in Central Anatolia, Turkey (Akman et al., 2014) . Astragalus sp. were the most dominant taxa in this class. This class has been frequently registered by many researchers in the distributed vegetation zones of the Euxinian Mountains, especially in the woodland and shrubland openings (Karaer et al., 1999; Korkmaz et al., 2011) . Akman et al. (2014) reported that this class was also spread in alpine and subalpine landscapes in Turkey. More than ten A. angustifolius subsp. angustifolius associations exist in Turkey (Yıldırım and Cansaran, 2010 Juniperus communis var. saxatilis dwarf shrub vegetation is also distributed on the subalpine belt between 1750 and 1800 m a.s.l. in the study area. Pinus sylvestris forests usually harbor Juniperus communis var. saxatilis in their ground flora (Korkmaz et al., 2011) . However, it was defined on the subalpine belt as Ranunculo caucasici-Juniperetum saxatilis ass. nov. for the first time. We propose Juniperus communis var. saxatilis as a transgressive character species for these vegetation types. Akman et al. (2014) have reported a similar association in Mount Ilgaz, but have not done any syntaxonomical typification for this community in northern Anatolia yet. Although the physiognomy of this association was registered as dwarf shrub vegetation, its upper syntaxa belonged to steppe vegetation. Since the influence of anthropogenic factors has led to the emergence of steppic taxa in this shrub association, it could be found that a bulk of Astragalo microcephali-Brometea tomentelli and Hyperico linarioidis-Thymetalia scorpilii species are in the floristic composition. Meanwhile, some alpinic and subalpinic taxa are also represented in this association due to elevation. Even though the overlap was weak, it could be classified as Astragalo microcephali-Brometea tomentelli, Hyperico linarioidis-Thymetalia scorpilii, and Silene olympicae-Astragalion densifolii.
Hemicryptophytes were dominant in this study, in accordance with the normal spectrum. Plant life forms and various formations are considered to reflect general climate types. Hemicryptophytes are distributed in the needle-leaved, deciduous forests and the steppes (Lenoir et al., 2008) . Although hemicryptophytes were dominant in the life form spectra, the stress-resistant life forms such as chamaephytes and phanerophytes determined the physiognomy of the vegetation. This model arises in a comparison made according to the life forms. Hemicryptophytes are often treated as geographical/ macroclimatic variables, which can indicate the influence of a continental climate. The abundance of phanerophytes can be diminished in a more continental climate and the abundance of hemicryptophytes can increase in the same direction (Čarni et al., 2018) .
Plant community structure and biodiversity showed a high degree of spatial variability, controlled by both abiotic and biotic factors. Sileno paphlagonici-Abietetum equi-trojani had low species diversity. This community is a late successional stage community. The late successional communities usually have lower species diversity than earlier ones (Schoonmaker and McKee, 1988) . Ranunculo caucasici-Juniperetum saxatilis showed the highest species diversity among the associations. Juniperus communis has significant effects on other participant taxa in the association since it acts as a nurse plant due to its pillowlike crown structure. This canopy structure may ameliorate harsh environmental conditions for vulnerable plants ( Thomas et al., 2007) . In addition, it has thorny leaves and is thus not very palatable for grazing animals. It may conserve many delicate plant taxa as a result. These properties of Ranunculo caucasici-Juniperetum saxatilis have led to higher species diversity than in other associations in this study. High species diversity indicates that there are many successful species or that there is a more stable environment (Hamilton, 2005) .
Detrended correspondence analysis (DCA) is mostly used to discover the relationships between vegetation dynamics and the physical environment in studies of vegetation ecology. DCA results showed that some soil properties (moisture, clay, organic matter, and N) are important for the distribution of vegetation in the study area. The topographical factors also had important effects on vegetation development in this study. It has also been reported that soil traits and topographical factors were important on vegetation development by many authors (Korkmaz et al., 2016) .
Astragalo microcephali-Brometea tomentelli contains very interesting groups formed by high mountain grasslands, xerophytic dwarf-shrubs, and thorncushion communities of Anatolia, the Levant and northwestern Iran (Hamzaoğlu, 2006) , while Quercetea pubescentis usually includes oak, mixed deciduous, and conifer open forests in the supramediterranean belt of the Mediterranean, Asia Minor, and the Middle East (Mucina et al., 2016) . Astragalo microcephali-Brometea tomentelli and Quercetea pubescentis mostly occurred together in the Central Anatolia-Black Sea transition zones in Turkey (Korkmaz et al., 2011) as in the present study. In this zone, xerophytic Irano-Turanian taxa have reciprocally penetrated mesophytic Euro-Siberian communities through historical processes (Parolly, 2015) . The soil factors and topography mainly separate the forest and scrub of Quercetea pubescentis from each other with Astragalo microcephali-Brometea tomentelli in the Central Anatolia-Black Sea transition zones in Turkey. Many environmental and historical factors have affected the formation and distribution of vegetation in any substrate (Kavgacı et al., 2010) . Van Zeist et al. (2016) reported that an apparent gradient exists between the Central Anatolia-Black Sea transition zones, and the transition from forest to forest-steppe must have been very gradual, as in the present study. They termed this the Xero-Euxinian steppe-forest belt and revealed that the Xero-Euxinian vegetation belt consists largely of deciduous oak, pine, and mixed pine and oak.
The habitat classification system EUNIS is very important for species, vegetation, and ecosystems (Müller et al., 2018) . In this study, most plant associations overlapped with those of EUNIS. Our newly described Juniperus scrub syntaxon did not. Therefore, we have proposed a new EUNIS habitat code and name for this syntaxon as F3.165 and Black Sea subalpine juniper thickets.
Plant taxa and constituted complex communities are influenced by regional and local biotic-abiotic environmental conditions and historical processes. These factors could play an active role in community diversity, syntaxonomical status, and biotic interactions. Interesting results have arisen for phytosociologists and plant community ecologists (Van der Maarel, 2005) Height of tree layer (m) 
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